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ABSTRACT* - Twenty-six species belonging 10 the suborder Nototheniaidei (8 Notothenii¬ 
dae. S Channichthyidae* 4 Bathydraconidae and 6 Artedidraconidae) have been karyotyped. 
The results are listed together with all other karyotypic data now available for the suborder. 
Intraspecific variation of karyotypic numbers and formulae is not significant and confirms 
that within a species, the karyotype is highly stable. In Nototheniidae (2n 22-50} and Ra- 

thydraconidae (2n 36-48), chromosome numbers show a strong interspecific variability in¬ 

volving inversions* Robertsonian translocations and probably duplications- In Channichthyi- 
dae (2n = 48), the chromosome number is conserved and the differences in chromosome 
structure are correlated with pen- or paracentric inversions and also duplications. In Artedi¬ 
draconidae. the karyotype (2n r 46) appears more generic than specific with minor restruc¬ 
turing. Morphologically differentiated sex chromosomes have been recorded in 5 species of 
Channichthyidae (X 1 X 1 X 2 Xi X l X 2 V) and also appears in one Bathydraconidae (XX XY^). 


RESUME. * L.es caryotypcs do 26 especes appartenant au sous-ordre des Notothemdidei (8 
Nototheniidae. 8 Channichthyidae, 4 Bathydraconidae and 6 Artedidraconidae) ont ete 
ctudies et reunis avee tous ecux qui avaient deja ete obtenus pour le sous-ordre. La compari¬ 
son des nombres diploides et des formules chromosomtques avee ceux de eertaincs especcs 
deja etudiees dans d'autres secteurs ne revele pas de variation intraspectfique significative et 
conftrme ainsi la stabilite du critere carvotypique dans ces families, Chez les Nototheniidae 
(2n - 22-50) et les Bathydraconidae (2n 36-48), la variability intcrspecifiquc du caryotype 

cst importante et met en jcu diflerems types de restructurations (inversions, translocations 
robertsoniennes) et tres vraisemblablement des duplications. Chez lc$ Channichthyidae (2n =* 
4S) le nombre diplotde de chromosomes cst conserve et la variability imerspccillque ne met en 
jcu que des inversions para- et peri-centnques et des duplications. Chez les Artedidraconidae, 
le caryotype (2n - 46) apparait plus generique que specifique avee peu de remaniements, 
L existence de chromosomes sexuels multiples morphologiquement differences est signaled 
chcz 5 Channichthvidae (XjXjX 7 X 2 XjX 2 V) et est tres probable chez un Bathvdracomdae 
(XX XV, v 3 ). 


Key-words. - Notothenioidcj, PSW, Weddell Sea, Antarctica, Cytogenetics, Chromosomes. 


In both numbers and biomass, ihe Antarctic ichthyofauna is dominated by 
species of the suborder NotothcnioidcL Ihe taxonomy and phylogenetic 
relationships within and among the families of this suborder remain controversial. 
For example* surveys of various morphological and ostcological characters have 
lead to the division of die suhordcr into five (Iwami, 1985) and more recently, six 
families (Bureau, 1985, 1986). The largest and most diversified family, 
Nototheniidae, is considered to be monophylciic, hut within die family, generic 
classification is still uncertain (Andersen and Bureau* 1979; Andersen, 1984; 
Balushkrn, 1984; Voskoboinikova, 1986; DeWitt et a 1990), In particular, die 
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specific composition of Lhe nolothcniid genus Trcmalomus is not dear (Andersen, 
1984; Balushkin, 1982, 1984; DeWilt el aL< 1990), 

Karyological studies have been undertaken in different sectors of the 
Southern Ocean (Prirodina. 1984, 1986, 1989; Prirodina and Neyelov, 1984; 
Doussau de Bazignan and Ozouf-Costaz, 1985; Phan et a/., 1986, 1987; Ozouf- 
Costaz 1987a and b) in order to bring a new criterion for elucidating generic 
phylogenv. Results from these studies concerned scattered species (1 Bovichthyidae, 
1 flarpagifcridae, 1 Bathydraconidac, 7 Chanmchihvidae and 17 Nototfieniidae) 
mostly collected from subantarctie waters* no data was available for species of lhe 
family ArtedidracOmdae, Preliminary analysis showed that while Channichlhyidae 
had a conservative karyotype with little variation in chromosome morphology, 
Nototheniidae exhibited a wide interspecific chromosome variability involving 
many types of morphological and numerical changes. 

To estimate this variability within the families, a programme to examine 
notothenioid fish cytogenetics was developed for the PROS cruise on hoard the 
R V, "Polarstenf in the inner Weddell Sea (January‘March 1989). The Weddell 
Sea, allocated to the Fast Antarctic Province (DeWitt. 1971) includes at least 38 
Notothcnioidd (1 kau. 1990). the taxonomy of the species belonging to the genus 
Pogonophrynt* remaining under study: by 1988, karyotypes of only six of these 38 
species were recorded front other sectors of the Southern Ocean. The objectives of 
the program were: 

- !o obtain the standard karyotypes of as many species as possible belonging 
to tins suborder; 

- to compare the fish species composition of the Weddell Sea to those from 
other High Antarctic areas previously or simultaneously investigated (Prydz Bay, 
Ross Sea...) particularly from the eyiotaxonomiea! viewpoints and to estimate pos^ 
sible tntraspecific variations in the karyotypes; 

- to test the value of the karyotypic criterion as a specific or generic 
character within each family; 

- to estimate whether numerical or morphological changes and alterations in 
karyotype can be interpreted in terms of evolution. If interpretation was possible, 
could karyotypes provide enough information for being used alone or combined 
with other characters (Le., morphological, biochemical, molecular...) as a means of 
a phylogenetic analysis; 

- to detect any abnormality, polymorphism, peculiarities such as super¬ 
numerary chromosomes, morphologically distinguishable sex chromosomes, 
polyploidy, which may be suitable for a more detailed study. 


M VII'.RIALS AM) MKTIIODS 

l ive fish were collected by three fishing methods, Agassiz trawls, semi- 
pelagic trawls and ground trawls. Samples caught with Agassiz trawls and semi- 
pclagic trawls showed less species diversity but the condition of the fish was better 
than from ground trawls. Chromosome preparations and Giemsa staining followed 
the procedures described by Doussau de Bazignan and O/ouf-Cosiaz (1985) with 
die following modifications: specimens were kept alive in well oxygenated sea water 
tanks at + 3 C; Colchicine (0,5%) was injected intrapcritoneally at l),3 ml per 
100 g weight; fish were sacrified between 4 and 24 h after injection, according to 
their survival ability in aquariums. Kidney was homogenised directly in the 
hypotonic KCI solution and the suspension hypotonised at 0 7 C for 50 mn. 
Chromosome counts were obtained either from photographs or directly by micro¬ 
scope (I00X). Designation of chromosome types followed the criteria of Levan et 
aL (1964). m: metacen tries, sm: submetacen tries, a: aero Gentries, s: satellites or 
achromatic region, B: microchromosomes or supernumerary chromosomes. When 
mounting die k anagrams, the chromosomes were not grouped according to their 
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types: we prefered to present them In order of decreasing size and paired by eye. 
Although this method could be considered to be subjective, it can provide infor¬ 
mation about die relative place of some marker chromosomes in the karyogram. 
in addition, it allows easy identification of unpaired chromosomes, when presen L. 
or complete heieromorphie pairs, This also facilitates the comparison between 
species karyotypes. On die figures, scale bars represent 10 urn* Except when 
indicated in die text, at least 20 metaphase plates per specimen were examined. 
For species having identical karyotypes in both sexes, the karyogram of die best 
metaphase spread is produced. For previously published karyotypes, a figure is 
provided only if we have obtained better or different results. Silver staining of the 
nucleolc organizer regions (NORs). was attempted on species providing sufficient 
metaphase plates, according to die method of Howell and Black, 1980. 

For each species reference specimens of the karyotype were preserved in the 
Museum national d Mistoire naturelle of Fans fish collection. F or Notothenhdae 
the nomenclature used in die text, table and figures is that adopted by DeWitt et 
aL (1990). 

Notothemidae 

Dissostichus mawsoni Norman, 1937: one female, MNUN 1990-1307. 

Trematomus scout (Boulenger, 1907): one female, M\H\ 1990-1281. 

Trematomus culepidotus Regan, 1914: three males, M\HN 1990-1370 to -1372- 
Trematomus lepidarhinus (Fapperihcim, 1911): one male, MMIN 1990-1355; one 
female, MMIN 1990-1360. 

Trematomus pennedii Regan, 1914: one male, MNUN 1991-564; one female, 
MMIN 1991-565, 

Trematomus hansani Boulenger, 1902: one female, MMIN 1990-1327, 

Trematomus hernacchii Boulenger, 1902: one male, MNHN 1991-561. 
Pleuragramma antarcticum Boulenger, 1902: three males, MNUN 1991-572 to 
-574; 2 females, NtNHN 1990-575 and-576. 

(hanniehthvidae 

Chionodraco myersi DeWitt and Tvler, 1960: two males, MNUN 1990-1104 and 
-1109; three females, MNUN 1990-1103, -11 OS and MM3. 

Chionodraco hamulus (Lonnbenj, 1905):, two females, MNUN 1990-1093 and 
- 1100 . 

Chacnodraco wilsoni Regan, 1914: one female and one male, bolh MNUN 
1990-1122. 

Ckionobathyscus dewuti Andriashev and NeyeJov, 1978: one male, MNHN 
1990-1073. 

AVo pagetapsis ionah Nvbclin, 1947: two males, MNIIN 1990-1063, -1064; one 
female, MMIN 1990-1078. 

Pagetopsis macropterus (Boulenger, 1907): one male, MNHN 1990-1139, 

Pagetopsis macuiaius Barsukov and Permitin, 1958: one female, MNIIN 
1990-1142, 

Cryodraco antarcticus Dollo, 1900: five males, MNIIN 1990-1087, -1079 to -1081 
and -1083; three females, MNHN 1990 1082 and -1092. 

Bathydracomdae 

Baihvdraco marri Norman, 1938: one male, MNHN 1990-1215; one female, 
MN j IN 1990-1214. 

Racomiia glacial is Dollo, 1900: one female, MNHN 1990-1218. 

Cerlachca australis Dollo, 1900: two females, MNHN 1990-1199 and -1203. 

Cygno draco mawsoni Waite, 1916: one female, MNHN 1990-1191. 
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Artedidraconidae 

Artedidraco orianae Regan, 1914: one female, MNHN 1990-1238; two males, 
MM IN 1990-1239, -1240. 

Artedidraco shackletoni Waite, 1911: one female, MNHN 1990-1248; one male, 
MNHN 1990-1246, 

Pogonophryne harsukovi Andriashev, 1967: four females, MNHN 1991-544 to 
-548; four males, MNIJN 1991-543, -545, -549, -551. 

Pogonophryne marmomta Norman, 1938: three males, MNHN 1991-540, -542 and 
-550. 

Pogonophryne scotti Regan, 1914: four females, MNHN 1991-552, -553, -555 and 
-557. 

Pogonophryne memetla Andriashev, 1967: one male, MNHN 1991-541; one 
female, MNHN 1991-558. 


RESULTS 

Although most species provided positive results, more technical difficulties 
were encountered than with subantarctic species. Considerable differences were 
observed in the proportion of metaphasc spreads in our preparations, the mitotic 
index was often very Iow r . this is possibly linked to the low' metabolism of these 
fish, thdr fragility and inability to survive more than a few hours after colchicine 
injection. For these reasons, our attempts with a single specimen of Oacodraco 
hunteru two specimens of Aethotaxis mitopteryx, and one of Akarotaxis nudiceps 
ended in failure. We also had difficulties removing the kidneys of smaller species 
(of Nototheniids and Artedidraconids) and the use of alternative tissues (spleen, 
gills...) in replacement did not produce any evidence of dividing cells. The best 
mitotic rates were obtained with species treated with colchicine for more than 15 
hours. The absence of one sex in many species karyotyped, and the small number 
of specimens studied for some species, make some results more informative than 
statistical. 

Notothenfidae 

Dtssosttchus mawsoni. Seventeen complete meiaphase plates were examined 
from the single female, revealing a diploid number 2n — 48, (fundamental number 
FN — 52) consisting of 2m + 2sm + 44a chromosomes of slowly decreasing size 
(Fig. 1). This makes difficult the accurate identification of the pairs, the m being 
one of the smallest. However the karyotype appears to be very similar to that of 
the other species of the genus, Dtssoslichus e/egmoides (Doussau de Bazignan and 
Ozouf-Costaz, 1985). 

Trematomus scotti. A single female produced only two m eta phase spreads 
of poor quality, so this result is given only for information. The diploid number, 2n 
= 50, consists of 4m + 2-4sm + 42-44a (Fig. 2). One chromosome of the smallest m 
pair carries an achromatic region which may w r ell correspond to the nucleole 
organizer regions (NORs). 

Trematomus eulepidotus . The karyotype of this species has already been 
studied in Prydz Bay (Ozouf-Costaz and Doussau de Bazignan, 1987) but our 
results for the three males from the Weddell Sea are better and slightly different: 2n 
= 24 (20m + 4sm), FN — 48* The smallest m pair also carries an achromatic 
region (Fig. 3). The diploid numher obtained earlier was the same. The formula 
(8m +14sm + 2a), FN = 46 and the distribution of the m'sm pairs can be 
discussed, but not die presence of a large acrocentric pair, possibly derived from a 
pericentric inversion in a previously large metacentric. More specimens need to be 
karyotyped in both geographical sectors in order to establish whether these 
differences arc due to a widespread chromosomal polymorphism or characterize 
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Fig. L - Karyotype of Dissos fichus mamorti female. Fig, 2. - Karyotype of Trematomus 
scotli. Fig, 3, - Karyotype of Trematomus euiepidonts mate. Fig. 4. - Karyotype of 
Trematomus pennellii male. 
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Lwo distinct populations. Tiic smallest m pair also carries an achromatic region 

3 ). 

Trematomus tepid or hinus. The karyotypes are identical in male and female 
and the chromosome formula, 2n = 48, (4m + 44a) corresponds with the results 
obtained for this species in Prydz Bav (Qzouf-Costaz and Doussau de Bazignan. 
1987). 

Tffmatomus pennelHL Five metaphase plates were examined for the male 
and 9 for the female. The female spreads were of lesser quality. Chromosome 
numbers were identical in both sexes, 2n = 32, but we were unable to prepare a 
karvogram for the female. The male chromosome formula (Fig* 4), 
9m + 2sm + 17a + 4B, showed considerable size differences. The two smallest pairs 
of chromosomes were identified as "B\ because it evokes the so-called 
supernumerary microchromosomes. We noted the presence of two heleromorphic 
chromosomes (?) of rather equal size* one being metacentric and the other 
acrocentric. 

Trematomus bernacchiL For the single male studied, our results differ 
slightly from those obtained by Phan el at, (1986) for specimens from the South 
Shetland Islands, The chromosome numbers. 2ri = 48, are identical but our for¬ 
mula (2m T 2sm + 44a) includes an additional pair of sm chromosomes (see Fig. 5). 
This difference may be due to the quality of preparations. The chromosome size is 
slowly decreasing and one chromosome of die m pair, possibly the smallest, also 
carries an achromatic region. 

Trematomus hansom. We were able to collect only one female and 
obtained the same karyotype 2n = 4S (2m +4sm + 42a) as Phan e.t at. (1986) for 
South Shetland specimens, 

Pleuragramma antarclieum . liven though tins species is pelagic and might 
be expected to be fragile, it was found to be robust when subjected to standard 
treatments and five specimens were able to survive in aquariums up to 10 hours 
after colchicine injection. This treatment was sufficient to produce a verv high 
mitotic index. About 75 metaphase plates were examined, providing identical 
results in males and females: 2n = 48 (8m + 22sm + 8a), FN = 68 chromosomes 
of slowly decreasing size (Fig. 6), 

Channichthyidae 

In the Weddell Sea. the karyotypes of males and or females of eight species 
of Channichthyidae were studied. Male hetcrogamety linked to the possible existen¬ 
ce of a multiple sex chromosome system in about live species of this family was 
revealed. In another study by Italian colleagues complementary results were 
obtained in the Ross Sea. Conclusions concerning this evident heterogamety 
together with hypotheses on the different types of mechanisms involved 
(Morescalchi et at. in press) arc in a collaborative publication. Here we only deal 
with the standard karyotypes of Channichlhyids obtained during EPOS cruise and 
tiie existence of hetcromorphic sex chromosomes is briefly mentioned but not 
analysed. 

Chianodraco myersi. Only females of this species had been kary otyped from 
Prydz Bay (Ozouf-Costaz, 1987a). f emales studied in the Weddell Sea also have a 
diploid chromosome number 2n — 48 (2m + 6sm + 40a), FN = 56 (Fig. 7a). Male 
karyogram (I ig. 7b) revealed the presence of a multiple sex chromosome system of 
the type X | X 2 Y (female X 1 X t X 2 X 2 )* Satellites are carried by the short arms of the 
smallest sm pair, 

Chionodraco hamatus. Wc were able to study only two females: 2n = 48 
(2m + 4sm + 42a), FN = 54 (Tig. 8a), 1 he size of these chromosomes is slowly 

decreasing from 2,5 /mi to 1 /mi, the largest pair being submelacentric. As in C 
myersi . satellites arc carried by the short arms of die smallest sm pair and corres¬ 
pond to the XORs (Fig. 8b), Moreover, after Ag-slaining, the distal part of a large 
acrocentric is also positively stained, but wc did not find any homolog (sec double 
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5. - Karyotype of Trematomus bernacchii male. Fig. 6. - Karyotype of Pleuragramma 
aniarctlcum. Fig. 7 a. - Karyotype of Chlonodraco my&rsi female. Fig. 7b + - Karyotype of 
Chionodraco myem male. 
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Fig. 8 a. - Karyotype of Chbnodraco hamatus female. Fig. 8b. - Silver-staining of the 
nucleole-organi/er quans (\ORs) in the chromosomes of Chionodraco hamatus , Fig. 9. - 
Karyotype of Chaenodraco wilsoni male. 


arrow, Ik. 8b). In males T a multiple sex chromosome system of the type X l X 2 V* 
lias been simultaneously recorded by Morescalchi et at. (1991) with specimens 
from die Weddell Sea, 

Chaenodraco wifsonL Females of this species had been karyotyped in Prydz 
Ray (Ozouf-Coslaz, 1987a). I he female studied in the Weddell Sea has 2n = 48 
(4m 4- 6sm + 38a), F\ = 58. The male also exhibits a multiple sex chromosome 
system of die type X,X 2 Y (with Y more met a centric Qian in C. myersi, and X I and 
X-p acrocentric). Satellites are carried by one of the smallest pairs of mctacentries 
(Fig. 9). 
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Pig, 3 0. - Karyotype of Chionohathyscus dewlui male. Fig. Ha. - Karyotype of 
A eopageioptis ionuh, Fig, 1 [b. - Silver-staining of the nueleole-organizer regions (XORs) in 
the chromosomes of Neopage topi is ionjh. 
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Chionobaihyscus dewinL Only ten met a phase plates were examined for the 
single male studied* but the karyotype is 2n — 47 (m + 4-6sm + 38A6a) (f ig, 10) 
with llirec heteromorphic chromosomes, the morphology of which is very similar to 
the system X^X^Y of C. wilsuni (Y very large and metacentric), Satellites can be 
seen on a liulc sni pair and have unequal sizes, 

Seopagetopsis ionah. The two males and single female karyotyped 
provided abundant and identical results: 2n = 48 (2m + 8sm + 3Sa), FN = 58. As 
in other species* chromosome size is slowly decreasing (between 3 and l ^m), one 
of the largest pairs being a suhmetacentric. Nearly all the short arms of 
acrocentric chromosomes are visible, which is not the case in the karyograms of 
Lhe other Chan nieh thy ids described here (Tig. 11 a). The satellites carried by the 
smallest sm pair are positively Ag-stained and well correspond to the 
NO Rs-bearing chromosomes (Fig. llh). 

Page tops is macropterus. We were able lo study a single male in poor 
condition. Only two m eta phase spreads allowed chromosome counts, 2n = 47; 
Their examination reveals a higher proportion of m sm elements than in other 
Chan nidi thy ids, and a very large sm unpaired element that obviously corresponds 
to die Y chromosome described by Morescalchi et a!, (in press.) from two 
specimens caught in die Ross Sea, 

Page I apsis macula! us, We were unable to prepare a karyogram for the 
single female karyotyped and provide its chromosome number. 2n - 48, and for’ 
mula (approximately 2m + 6sm + 40a) for information only, based on tiie exami 
nation of five metaphase plates, 

Cryodraco antarcticus* 85 metaphase plates were examined, revealing 
identical karyotypes for males and females: 2n = 48 (2m 4- 4sm + 42a), FN — 54. 
Satellites are beared by the short arms of the smallest sm pair (Fig, 12) and have 
unequal lengths. The chromosome sizes decrease progressively, ranging between 
2.5 and l urn, die largest pair being sm. 

Bath\ draeomdae 

8athydraco marrL All metaphasc plates studied in die female showed a 
diploid number of 2n =* 38 (4sm + 34a) (Fig. 13a). The largest sm pair measures 
5-6 ,um. die smallest about 1 pm. lhe scrie of acroccntrics gradually decreases in 
si/e. Ihe male was found to be hetcrogamcdc: 2n = 39 (3sm + 36a) (I ig. 13b), 
revealing die presence of a single large sub metacentric {called X) and two 
heteromorphic acroccntrics: a large one (called Y s ) and a smaller one (called Y 2 ), 
the size of which suggests diat they are originating from die short and long arms of 
a previous X by fission. 

Racovitzia glacial is. One female of this species had been already 
karyotyped from Frydz Ray (OzouFCostaz, 1990). I he two females studied in the 
Weddell Sea exhibit die same chromosome number and formula: 2n = 36 
(4m + 32a). I N = 40. 

Gerlachea australis , Two females were studied, providing a very low 
number of metaphasc plates. Chromosome counts* 2n - 48 were obtained, but a 
single photograph made it possible lo prepare a karyogram (1 ig. 14) and establish 
Lhe formula (2m + 2'4sm + 42-44a). Satellites are carried by a small sm pair. 

Cygnodraco mawsonL A single female in poor condition provided 5 
metaphasc plates. Chromosome counts give a diploid number 2n = 44-46 
acroccntrics* No m or sm shape could be detected. 

Artedidraconidae 

Genus Artedidmeo . 

Two species were studied: A . orianae and A. shackletonL In both species, 
the males and females exhibit the same karyotype: 2n = 46 (2m + 6sm + 40a) (Fig. 
15). Satellites are beared by the small metacentric pair. 
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Pig, 12. - Karyotype of Cryodraco an tare ileus. Fig. 13 a, ■ Karyotype of Baihy draco marri 
female. Fig. 13b. Karyotype of Batkydraco mani male. Fig* 14. - Karyotype of Gcrtachea 
australis female. 
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Fig, 15, - Karyotype of A nedidraco orianae. Fig. 16, - Karyotype of Pogonophryne barsukovL 


Genus Pagan op hryn e . 

P, barsukovi, P, marmomia , P. scout and P , merit el la were examined. All 
provided a high number of melaphase plates Ilial were studied in detail. Neither 
the chromosome number, 2n = 46, nor lire morphological comparison of their 
chromosomes revealed any significant difference between Lhcse four species Lhat 
exhibit identical formulas: 2m + 4sm + 42a. As in Arie.didraco , satellites are beared 
by the m pair and often have unequal sizes (see an example Fig. 16), 


DISCUSSION 

Taking into account the karyotypic material from bibliography, data we had 
obtained earlier and during EPOS cruise and unpublished information collected by 
our colleagues (Table I), it is now possible to examine the degree of karyotypic 
diversity in four families of the suborder Nolothenioidei: Chanmchthyidac, 
Nototbcniidac, Rathydraconidae and Artedidraeonidae, and to make hypotheses 
concerning the general characteristics of chromosomal evolution. 

Figure 17 shows the histogram of relative frequency of diploid chromosome 
numbers in the suborder Notothenioidei. There is a strong prevalence of 2n = 48. 
Oh no (1974) had proposed an ancestral karyotype of 2n — 48 uni armed 
chromosomes for all perciform groups and this assumption seems to be quite valid 
for the Notothenioidei, Furthermore, the high frequency of diploid numbers lower 
than 2n - 48 suggest that many spcciation events in these fish arc associated with 
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Fig. 17. - Relative frequency of diploid numbers (2n) within the suborder Notothenioidei (51 
species studied). 


a decrease in chromosome numbers. However, when examining separately the 
karyotypic diversity in each family, it is obvious that every group has its own mode 
of chromosomal evolution. 

Channichthy uJae 

Data are now available for alt species of this family, except 
Champsocephalus esox and the monolvpic genus Dacodraco hunteru For species 
dial have been studied separately in different sectors of the Southern Ocean 
{Chiunodraco myersi , Chaenodraco witsoni in Prydz Bay and the Weddell Sea; 
Pageiopsis maculatus and P . macropterus in the Ross Sea and the Weddell Sea), 
no significant difference in chromosome numbers could be recorded, and only 
minor differences in chromosome morphology, f ills could indicate that there is no 
inlraspecific variability in the karyotype, at least at die morphological level. 

Chromosome diploid numbers, 2n — 48, with a predominance of 

acrocentrics for alt species, remain unchanged, suggesting a conservative type of 
karyDevolution. 1 lowever, all species have different chromosome formulae, 
including 32 to 44 acrocentrics, FN ranging between 52 and 62. It is highly proba¬ 
ble (as postulated by Prirodina, 1989) that the mechanisms involved in the FN 
increasing are pericentric inversions. 

Another striking peculiarity is the frequent occurrence of multiple sex 
chromosome systems in at least five of these species, with the digametic males 
showing a X 1 X 2 Y and the homogametic females a X,X|X 2 X 2 system. As explained 
in Morescalchi el al. (in press). Ihcse multiple systems seem to have been acquired 
separately by each species and involve at least three different mechanisms. Their 
discovery adds a new apomorphic character to the morphological ones usually 
taken into account in phylogenetic studies. 






Table I - Karyotype data on Notothemould. 
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Xototheniidae 

L alike Chanmchlhyidae, tins family exhibits a high degree of karyotypic 
diversity (Table from die chromosome morphological point of view, karyotype 
appears mostly specific* except for very close species such as Dissostichus 
rleginoides and D. mawsoni, N. squamifrom and ;V. kempi, etc. In most cases 
where species have been studied in different geographical sectors, no in Ira specific 
variation was observed, except for Tremawmus eulepidotus (Prydz Bay and 

Weddell Sea) and T. hernacchii (South Shetland and Weddell Sea), which needs to 
be verified by additional sampling. 

Concerning die karyo-evolutionary mechanisms followed by these numerous 
species* at least three types can be distinguished: 

a Chromosome number of 2n = 48 conserved; chromosome size 

conserved; I N slightly increased; minor restructuring involving pericentric inver¬ 
sions. 

b Important decrease in the chromosome number (to 22): chromosome size 
increased, together wills the proportion of m-sm types; FN unchanged or slightly 
modified: major restructuring involving centric fusions between acroccntrics. 

c Chromosome number of 2n = 48 conserved; chromosome size 

moderately increased; FN highly increased: possible combination of pericentric in¬ 
versions and probably duplications. 

Considering the dadogram proposed by BaJushkin (1984) for the possible 
relationships among subfamilies of notolhemid fish, our results are in accordance 
with the primitive position of Fleginopsinae (karyo-evolutionary mechanism of type 
a ), but the subfamilies Nototheminae (2n = 22-50; FN — 44-60) and 
Trematominae (2n = 32-50; f N = 39-58) both include species karyotypes that 
are dose to the ancestral condition as well as derived ones, as if they had been 
developed independandy. In the scope of a cladrstie analysis (in prep.) h we are 
trying to interpret those changes in order to select apomorphic characters, sort and 
rank them, and add them to other features such as osteological, morphological or 
phvsiologieal characteristics. 

The karyotype of Trcmatomus pennellii also suggests that some nototheniid 
species may have developed heteromorphic sex chromosomes as well as 
Chan nich thy ids, dms providing an additional apomorphic character to be taken 
into account in phylogenetic studies. 

Bathydraconidac 

l his family comprises ten genera and 15 species: seven genera (7 species) 
have been now karyotyped (Table I), Diploid numbers range between 2n = 2U 
and 2n = 48 with I N = 40 58. 

In the group having I N = 40-42, Bathydraco tnarri exhibits a diploid 
number of 38 chromosomes with only two pairs of large metacenirics, possibly 
originating from centric fusions between acroccntrics. This species might have 
difrcrenciatcd sex chromosomes that could belong to the system XX XY 1 Y 2 , but 
this assumption needs to be verified by further studies on additional specimens of 
both sexes. This hetcromorphism may also exist in male karyotypes of Raeovitzia 
glacialis dial have a very close formula 2n = 36* FN — 40, with a predominance 
of acroccntrics. In die karyotype of Prio nodraco evansii (2n = 20, FN = 40; 
Prirodina* pers, comm.) all chromosomes are mctacentrjc and the occurrence of 
difFcrencialcd sex chromosomes has not been recorded. 

In the group having I N = 44-58, Psilodraco hreviceps (Prirodina, pers. 
comm.) has the most primitive formula (2n = 48, FN = 48) where all 
chromosomes are acrocentric. Cygrwdraco mawsoni (2n = 44-46a) appears 
scarcely more derived. Gerlachea australis and Parachaenichthys georgianus (2n = 
48) (Prirodina, pers. comm.) also have primitive formulae highly dominated by 
acroccntrics. 
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In this family, lhe chromosome numbers arid formulae exhibit a strong 
variability, involving several kinds of re arrange men Is (Robertsonian translocations 
and pericentric inversions) and possibly duplications. These require further detailed 
investigation and should provide valuable characters for a phylogenetic analysis. 

Artcdidraconidae 

'Rib family comprises two monotypic genera, Dolloidraco and Ristiodraco, 
the karyotypes of which are still unknown, and two polytypic genera, Artedidraco 
and Pogonophryne* Lhe taxonomy of ihc latter remaining controversial. 
Unfortunately, our first results tend to show that in this family, karyotype (2n - 
46) is more generic than specific. Species karyotyped for the genus Artedidraco 
differ from those examined for the genus Pogorwphryne by a single pair, 
acrocentric in die first and submclaccntrie in die second. 1 hese first results seem to 
indicate that karyotype is not a powerful criterion for taxonomic studies of the 
group. Moreover, a comparison with die karyotype of the single species 
karyotyped in Lhe closcsL family (Harpagiferidae), Rarpagifer antarcttcus (2n = 48, 
Signy Islands. Ozouf-Costaz. unpublished) shows a very similar formula with only 
a single additional pair of acroccntrics. 


CONCLUSION 

The karyotypes of die species studied during EPOS cruise are sufficiently 
different to enable an estimation of Lhe global value and variability of the 
karyotypic criteria to be seen as an evolutionary character in each family. 

In the Notolheniidae, die ChanmchLhyidac and the Rathvdraconidac, the 
intraspecific variability of the karyotype is not significant, at least in the species 
studied so far, but the interspecific and or intergeneric variability shows a sufficient 
number of numerical and morphological transformations which lead to a tentative 
first interpretation of the karyo-evolutionary mechanisms. In these three families, 
further studies are required to clarify die different processes involved in die 
differentiation in species that have multiple sex chromosomes. 

It is more difficult to draw conclusions about the Artcdidraconidae, as the 
karyotypes have only been studied in two genera (8 species), l urdier research will 
dius be needed. 

It would be of interest to substantiate these results qualitatively, by collecting 
the karyotypes from the missing sexes of some species and of rarer species which 
we were not able to keep alive, such as those of the following genera: Ae( ho taxis 
and Fagot henia (Notolheniidae), Dacodraco (Chan nich thy idae), A karat axis 
(liathydraconidae). etc. From a quantitative point of view, a greater number of 
samples per species and die use of an efficient mitotic stimulator on these fish 
would produce a sufficient proportion of metaphasc spreads to enable a more 
detailed study on die chromosome structure and karyotype transformations. 
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